There are large disparities in American Indian pediatric motor vehicle (MV) mortality with reports that several factors may contribute. The Fatality Analysis Reporting System for 2000-2014 was used to examine restraint use for occupants aged 0-19 years involved in fatal MV crashes on Indian lands (n = 1667) and non-Indian lands in adjacent states (n = 126,080). SAS GLIMMIX logistic regression with random effects was used to generate odds ratios (OR) with 95% confidence intervals (CI). Restraint use increased in both areas over the study period with restraint use on Indian lands being just over half that of non-Indian lands for drivers (36.8% vs. 67.8%, p < 0.0001) and for pediatric passengers (33.1% vs. 59.3%, p < 0.0001). Driver restraint was the strongest predictor of passenger restraint on both Indian and non-Indian lands exerting a stronger effect in ages 13-19 than in 0-12 year olds. Valid licensed driver was a significant predictor of restraint use in ages 0-12 years. Passengers in non-cars (SUVs, vans and pickup trucks) were less likely to be restrained. Restraint use improved over the study period in both areas, but disparities failed to narrow as restraint use remains lower and driver, vehicle and crash risk factors higher for MV mortality on Indian lands.
Introduction
Motor vehicle (MV) crashes are the leading cause of unintentional injury in the U.S. for ages 0 to 19 years [1] . Racial and ethnic disparities exist in MV-related mortality, with American Indians aged 0 to 19 years having higher mortality [2] . Historical trends have generally shown maintenance or widening of these disparities despite a lowering of the actual mortality rate in all race and ethnic groups [3] .
This occurred as MV mortality rates fell in all race and ethnic groups, but with smaller improvements for American Indian/Alaskan Natives that produced an actual widening of MV occupant disparities [3] . Appropriate restraining of children in motor vehicles is effective in lowering child MV crash mortality [4] [5] [6] , but American Indian pediatric passengers are reported to be less likely to be properly restrained [3, [7] [8] [9] [10] , thus potentially increasing the risk of mortality. Several risk factors for increased risk of injury and mortality among American Indians have been identified [11] [12] [13] [14] [15] , although there are also reports of racial misclassification for American Indians [16] [17] [18] . In this study, we avoid some of the potential bias that could be introduced by racial misclassification of American Indians by examining whether the crash occurred on federally-designated Indian lands or nearby lands that were not designated as such. Indian lands have a higher percentage of single-vehicle fatal crashes that have been associated with increased likelihood of fatality [15] . Within those geographic categories, we report race and ethnicity, although our multivariable models do not depend on racial classifications.
This study examines fatal motor vehicle crashes involving transport of a pediatric passenger in states with federally recognized Indian lands and compares crashes occurring on Indian lands to those occurring on non-Indian lands in the states that contain these Indian lands. In particular, among a pediatric population aged 0-19 years involved in a fatal MV crash, we examine: (1) predictors of restraint use on Indian lands compared to non-Indian lands by age, driver and vehicle characteristics, and (2) crash, environmental and roadway characteristics on Indian lands and non-Indian lands.
Materials and Methods

Data Source
The data used in this study is from the Fatality Analysis Reporting System (FARS) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) publicly released by National Highway Traffic Safety Administration (NHTSA) [19] . FARS is a nationwide census of fatal injuries in MV traffic crashes on U.S. public roads and contains variables that characterize person, vehicle and crash factors.
Study Population
The study was limited to the following U.S. states that contain federally designated Indian lands: Alabama, Arizona, California, Colorado, Connecticut, Florida, Idaho, Indiana, Iowa, Kansas, Louisiana, Maine, Massachusetts, Michigan, Minnesota, Mississippi, Montana, Nebraska, Nevada, New Mexico, New York, North Carolina, North Dakota, Oklahoma, Oregon, Rhode Island, South Carolina, South Dakota, Texas, Utah, Virginia, Washington, Wisconsin, and Wyoming [20] . Of the 957,223 crashes in the states with federally designated Indian lands, 127,747 (13.3%) crashes were to passenger vehicles transporting an infant, child or teen passenger ( Figure 1 ). 
Variable Classification
Statistical Analysis
Chi-square tests were used to assess the associations between the geographic area (Indian land vs. non-Indian land) status of crash location and potential covariates. Significance was defined as having a p-value of less than or equal to 0.05. PROC GLIMMIX in SAS with random effects was used to generate the odds ratios and 95% confidence intervals for Indian lands and non-Indian lands, to account for the effects of clustering by multiple passengers in the same vehicle. Separate models were constructed for Indian lands and non-Indian lands to examine difference in predictors of restraint use on each category of lands. The population was further stratified by age-0 to 12 years and 13 to 19 years-as seating position recommendations/guidelines exist and vary by age [23, 24] . Variables such as roadway characteristics with large quantities of missing data are reported but not included in the multivariable models. Race and ethnicity were not included in the multivariable models because the variable was only reported for drivers who died. All analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA) [25] .
Results
The study population consisted of 127,747 passengers aged 0 to 19 years being driven in 76,428 passenger vehicles. Of those, 126,080 (98.7%) crashed outside federally designated Indian lands and 1667 (1.3%) on Indian lands.
Restraint use increased from 2000 to 2014 on both Indian and non-Indian lands, with passengers and drivers on Indian lands consistently showing lower restraint use ( Figure 2a ).
Among those with known restraint status, 36.8% of the drivers on Indian lands were restrained, compared to 67.8% on non-Indian lands (p < 0.0001). One third of (33.1%) of the passengers on Indian lands were restrained, compared to 59.3% on non-Indian lands (p < 0.0001). Passenger restraint status depended more on whether the vehicle was on Indian lands at the time of the crash and less on other covariates (Figure 2b ,c). Drivers who were positive for drugs or alcohol were more likely to have unrestrained passengers on both Indian and non-Indian lands (Figure 2b ), and passengers of pickup trucks for both Indian lands and non-Indian lands were less likely to be restrained ( Figure 2c ). Young passengers on Indian lands were less likely to conform to NHTSA rear-seating guidelines (Figure 2d ). account for the effects of clustering by multiple passengers in the same vehicle. Separate models were constructed for Indian lands and non-Indian lands to examine difference in predictors of restraint use on each category of lands. The population was further stratified by age-0 to 12 years and 13 to 19 years-as seating position recommendations/guidelines exist and vary by age [23, 24] . Variables such as roadway characteristics with large quantities of missing data are reported but not included in the multivariable models. Race and ethnicity were not included in the multivariable models because the variable was only reported for drivers who died. All analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA) [25] .
Among those with known restraint status, 36.8% of the drivers on Indian lands were restrained, compared to 67.8% on non-Indian lands (p < 0.0001). One third of (33.1%) of the passengers on Indian lands were restrained, compared to 59.3% on non-Indian lands (p < 0.0001). Passenger restraint status depended more on whether the vehicle was on Indian lands at the time of the crash and less on other covariates (Figure 2b,c) . Drivers who were positive for drugs or alcohol were more likely to have unrestrained passengers on both Indian and non-Indian lands (Figure 2b ), and passengers of pickup trucks for both Indian lands and non-Indian lands were less likely to be restrained (Figure 2c ). Young passengers on Indian lands were less likely to conform to NHTSA rear-seating guidelines (Figure 2d ). 
Driver Characteristics
Drivers of vehicles crashing on Indian lands differed from those of non-Indian land drivers by age, gender, belt status, injury severity, license validity, race and ethnicity and previous moving violations ( Table 1 ). The majority of drivers who crashed and died on Indian lands compared to non-Indian lands were reported to be Native American (64.7% vs. 2.0%, p < 0.0001). Driver mortality was higher on Indian lands compared to non-Indian lands (34.2% vs. 29.2%, p < 0.0001) as was passenger injury (60.4% vs. 55.0%, p < 0.0001) ( Table 1) .
Drivers crashing on Indian lands were more than twice as likely to have an invalid license compared to those on non-Indian lands (35.7% vs. 15.8%, p < 0.0001). Of the 39.2% of drivers on Indian lands who were tested for drugs or alcohol, none tested negative (p < 0.0001). Drivers of vehicles crashing on Indian lands were less likely to be restrained and were more likely to die as a result of the crash.
Passenger Characteristics
There were no significant differences in the age of passengers between Indian lands and non-Indian lands. Passengers were less likely to be restrained on Indian lands and were more likely to be injured than on non-Indian lands. Passengers of crashes on Indian lands were more likely to be seated in areas of the vehicle other than usual passenger seats (Table 1) . In the multivariable adjusted model, passengers on Indian lands were less likely to be restrained on Indian lands than on non-Indian lands ( Table 2 ). The effect of Indian land crash site on likelihood of being restrained is more pronounced for passengers aged 0-12 (OR = 0.535, 95% CI 0.416, 0.715) than for passengers aged 13-19 years (OR = 0.635, 95% CI 0.500, 0.807), controlling for driver and vehicle characteristics. 
Passenger Restraint Use for Indian Lands
In the multivariable adjusted model, passengers across all ages from 0 to 19 years were more likely to be restrained when the driver was restrained (Table 3) , controlling for driver age, gender, license validity, drug or alcohol test results and vehicle model type. The odds of passengers being restrained when the driver was restrained is greater for passengers aged 13-19 compared to passengers aged 0-12 years (Figure 3a) . Passengers aged 0-12 were more likely to be restrained when the driver had a valid license, but this effect was not significant for passengers aged 13-19 years (Figure 3b ). Passengers aged 0-12 years were more likely to be belted with drivers aged 20-44, and passengers aged 13-19 were more likely to be belted with drivers aged 45-64 years. status in either unadjusted and adjusted models; a positive drug or alcohol test result was significant in unadjusted models but no longer significant in adjusted models. 
Passenger Restraint Use for Non-Indian Lands
Passengers across all ages from 0 to 19 years were more likely to be restrained when the driver was restrained and had a valid license, but with smaller odds ratios compared to Indian lands, controlling for driver age, gender, license validity, drug or alcohol test results and vehicle model type Passengers were generally less likely to be restrained in vehicles other than passenger cars (SUVs, vans, and pickups) (Figure 3c ). Driver gender was not a significant predictor of passenger belt status in either unadjusted and adjusted models; a positive drug or alcohol test result was significant in unadjusted models but no longer significant in adjusted models.
Passengers across all ages from 0 to 19 years were more likely to be restrained when the driver was restrained and had a valid license, but with smaller odds ratios compared to Indian lands, controlling for driver age, gender, license validity, drug or alcohol test results and vehicle model type (Table 4) . Again, the odds of passengers being restrained when the driver was restrained was greater for passengers aged 13-19 compared to passengers aged 0-12 years (Figure 3a) . Driver gender was a significant predictor for both unadjusted and adjusted models in passengers aged 0-12 years, but not for adjusted models of teen passengers. Drug or alcohol test results were significant only in unadjusted models, and only between those not tested and those who tested negative. Passengers were less likely to be belted in vehicles other than passenger cars (SUVs, vans, and pickups) (Figure 3c ). Unadjusted comparisons between vans and passenger cars for passenger restraint status show a reversal of effect when adjusted for other variables. 
Vehicle Characteristics
Vehicle model year and model type were associated with Indian land status of the crash site. Indian lands had a higher proportion of pre-1994 vehicles than non-Indian lands (p < 0.0001), and a higher proportion of pickup trucks than non-Indian lands (p < 0.0001) ( Table 1) .
Crash Characteristics
Crash time (day/night) and day (weekday/weekend), as well as rollover, ejection and manner of collision were all significantly associated with Indian land status. Vehicles that crashed on Indian lands were twice as likely to experience rollover (54.1% vs. 27.1%, p < 0.0001), and drivers of vehicles on Indian lands were twice as likely to be ejected upon collision (22.9% vs. 11.1%, p < 0.0001) ( Table 1) .
Single motor vehicle crashes consisted of 63.4% of all crashes on Indian lands, compared to 44.5% on non-Indian lands. Crashes in angle with other motor vehicles consisted of 30.1% of all crashes on non-Indian lands, compared to 13.9% on Indian lands (p < 0.0001) ( Table 1) .
Roadway Characteristics
Number of lanes, trafficway (one/two-way), traffic devices and signs and the functioning status of traffic control devices around the crash site had more than 70% of the data missing for both Indian lands and non-Indian lands. Analysis of reported data showed that crashes occurred mostly on highways (50.3%) and country roads (21.8%) for those on Indian lands, and on highways (40.6%) and local streets (20.1%) for those on non-Indian lands (Table 1) .
Discussion
In many countries that also contain native population jurisdictions such as is found in the U.S., particular consideration should be given to examination and ongoing monitoring of the health impacts in geographic areas where motor vehicle laws and regulations differ from best practices. Examining these areas separately and providing the findings to local entities can stimulate local culturally-sensitive engagement in setting intervention priorities and in designing culturally appropriate solutions and interventions, including crafting of laws or regulations, aimed at lowering the burden of motor vehicle injury in the vulnerable populations that tend to live in these areas.
The strongest predictor of a pediatric passenger being unrestrained was whether the crash occurred on Indian lands compared to non-Indian lands in states containing these lands. Passenger restraint depended more on whether the vehicle crashed on Indian lands than on other covariates. This finding was surprisingly more pronounced in teens than in younger passengers aged 0-12 years.
There were several significant differences in the characteristics of crashes on Indian lands compared to non-Indian lands. Within geographic regions, driver restraint was a highly important factor, a finding consistent with what is generally known [9, 11, 15] . Environmental characteristics appear to play an important role with crashes on Indian lands being more likely to be on two lane roads and to be single vehicle collisions. There was one difference in particular that may have contributed to smaller disparities in mortality on Indian lands than would have been expected given the vast number of characteristics present in higher proportions on Indian lands that are known to contribute to higher mortality. In particular, the higher proportion of pickup trucks to passenger cars is generally associated with heavier vehicles and vehicles in which passengers sit higher and may be more protected than in those in passenger cars. This study did not address how these findings compare when controlling for rural and sparsely populated lands, a factor that should be addressed in future study [26] . The relative importance of some key covariates varied across passenger age categories that deserve further examination.
Our findings are consistent with earlier studies that showed American Indian/Alaskan Native (AI/AN) passengers aged 0-12 years of age are less likely to be in compliance with NHTSA recommended rear seating guidelines [27] . Our study extends these findings by demonstrating continued disparities in the noncompliance with guidelines across geographic jurisdictions. This issue is especially alarming, given that a crash on Indian lands is more predictive of being unrestrained for passengers aged 0-12 than for those aged 13-19 years.
Driver belt status was a strong predictor of passenger restraint use for teens on Indian lands where passengers of restrained drivers had overwhelming odds of being restrained compared to those travelling with unrestrained drivers. There was a much larger proportion of drivers unrestrained on Indian lands, and teen passenger restraint status mirrored that of the drivers transporting them [28] . Passengers aged 0-12 years on Indian lands being transported by drivers with valid driver licenses had the highest odds of being restrained. Our finding that the percentage of unrestrained passengers is the highest with drivers who tested positive for alcohol, followed by those tested positive for drugs and those tested positive for neither or who were not tested is consistent with previous studies [12, 13] .
Rollovers and ejections, previously reported to be associated with higher mortality, were significantly higher on Indian lands, which could have contributed to higher passenger mortality and injury, especially in those who were unrestrained. Furthermore, single vehicle collisions occurred more frequently on Indian lands and were more likely to result in rollover of vehicles than other types of collisions.
This study has limitations. Although this study was limited to the crashes in states with federally recognized Indian lands, there is significant heterogeneity within the Indian land category. We did not have variables in our data set to facilitate investigation of these differences. Our study only investigated passenger restraint status as restrained or unrestrained and did not consider the importance of child restraint types across younger age groups. We did not take holidays into account because holidays vary significantly across cultures, religions and geographic areas within the U.S. and across the geographic areas under study. There are variations in strength of laws and the enforcement of these laws within each Indian nation, as well as social structures that could play a contributing role. Of significance, is the disparities in the proportions of missing data in important variables. We had limited data on travel speed for both jurisdictions that precluded our investigation of this important factor. The issue of missing data was more pronounced for roadway characteristics variables, for which some of the percentages of missing data were as high as three quarters of the study population. Furthermore, percentages of missing data for most variables were consistently higher for crashes on Indian lands than for crashes on non-Indian lands. This suggests the need for improvement in data collection in both jurisdictions but particularly on Indian lands.
Conclusions
These findings suggest that there are marked differences in crash characteristics between the Indian lands and non-Indian lands with regard to vehicle, passenger, driver and crash characteristics that have been linked to higher MV mortality and morbidity. Infant, child and teen restraint patterns continue to be significantly lower on Indian lands compared to adjacent non-Indian lands. Although restraint use improved over the study period on both Indian and non-Indian lands, disparities remained and failed to narrow. Disparities in data quality between Indian lands and non-Indian lands were an obstacle to assessing several key risk factors. This pattern, in conjunction with differing environmental characteristics, is associated with greater pediatric endangerment on Indian lands compared to non-Indian lands.
